The nucleus is a spherical dual-membrane bound organelle that encapsulates genomic DNA. In eukaryotes, messenger RNAs (mRNA) are transcribed in the nucleus and transported through nuclear pores into the cytoplasm for translation into protein. In certain cell types and pathological conditions, nuclei harbor tubular invaginations of the nuclear envelope known as the "nucleoplasmic reticulum."
| INTRODUCTION, RESULTS, DISCUSSION
The nucleus is typically depicted as a smooth spherical structure bound by the inner and outer membranes of the nuclear envelope and supported by an interior filamentous protein meshwork known as the Lamin nucleoskeleton. In certain cell types and pathological conditions, such as cancer and Laminopathies, this smooth exterior is interrupted by invaginations of the nuclear envelope, which are referred to as a "nucleoplasmic reticulum" (Malhas, Goulbourne, & Vaux, 2011) . When both inner and outer nuclear membranes invaginate, the nucleoplasmic reticulum is cytoplasm-filled and lined with nuclear pores. While relatively little is known about nucleoplasmic reticulum function or the consequences of nucleoplasmic reticulum expansion in pathological states, it is thought that the nucleoplasmic reticulum may bring functions of the nuclear periphery, such as nuclear export of RNAs, into the nuclear interior (Frost, 2016 ; Malhas et al., 2011) . Kinetic studies on the transport of single messenger ribonucleoproteins indicate that diffusion from the site of transcription to nuclear pore complexes within the nuclear envelope is the rate-limiting step in mRNA export (Mor et al., 2010) , suggesting that a decrease in diffusion distance mediated by nuclear envelope invagination could result in a net-increase in the rate of mRNA export.
----------------------------------------------------------------------------------------------------------------------------------------------------------------------
Tauopathies, including Alzheimer's disease, are neurodegenerative disorders that involve aberrant accumulation and deposition of tau protein within the brain (Arendt, Stieler, & Holzer, 2016) . Tauinduced reduction of Lamin protein levels has recently been reported to cause nucleoplasmic reticulum expansion in tau transgenic Drosophila and human patients with Alzheimer's disease (Frost, Bardai, & Feany, 2016) . Pan-neuronal expression of a disease-causing mutant form of human tau, tau control probe presented in Supporting information Figure S1 ). The majority of nuclei harboring an invagination in tau transgenic flies display increased RNA staining localized within the nuclear invagination itself, or spread along the cytoplasmic edge of the nucleus, adjacent to the invagination (Figure 1b ,c), consistent with a putative role for a nucleoplasmic reticulum-mediated RNA export. We also observed that tau transgenic flies contain many nuclei that are larger than those found in controls, in line with previous observations of increased nuclear size as a result of nucleoplasmic reticulum expansion (Saltel et al., 2017) .
To determine if aberrant mRNA accumulation is a result of increased RNA export and contributes to tau-induced neurotoxicity,
we examined the effects of genetic or pharmacologic inhibition of RNA export machinery on tau-induced neuronal death. Nxt1 and sbr are Drosophila homologs of human nuclear transport factor 2-like export factor 1, NXT1, and nuclear RNA export factor 1, NXF1, which encode proteins that are critical for nuclear pore-mediated RNA export (Sloan et al., 2016) . Tau We have previously shown that pathogenic tau reduces total Lamin protein levels, which is causally linked to nuclear envelope invagination and subsequent neuronal death . (Chou et al., 2018; Freibaum et al., 2015; Gasset-Rosa et al., 2017) . However, these studies uniformly report deficits in RNA export characterized by retention of RNAs within the nucleus. Additionally, contrary to our current findings, genetic reduction of sbr and XpoI enhances toxicity in a Drosophila model of C9orf72 repeat expansion (Freibaum et al., 2015) . In the context of previous studies of RNA export in non-tau mediated neurodegeneration, our current findings suggest that the nature of nucleocytoplasmic transport dysfunction is distinct between tauopathies and other neurodegenerative disorders.
It is currently unclear why a potential increase in RNA export would be toxic to neurons. Based on the widespread decondensation of transcriptionally silencing heterochromatin in tauopathies (Frost, Hemberg, Lewis, & Feany, 2014) , it is possible that RNA exportmediated toxicity occurs through the production of transcripts that are normally absent in brains unaffected by tauopathy. Alternatively, an increased rate of RNA export may circumvent or overwhelm RNA We report that polyA RNA accumulates within nuclear envelope invaginations and that genetic knockdown of RNA export machinery suppresses tau-induced neurotoxicity. In our view, the simplest interpretation of these data is that tau-induced nuclear envelope invaginations facilitate a toxic increase in RNA export. We cannot yet claim, however, that nuclear envelope invaginations directly mediate RNA export. It is possible that polyA RNAs simply become "stuck" in invaginations due to the physical barrier of the invagination itself, or that RNAs within invaginations fail to untether from nuclear pores.
Future studies are required to test these models and to determine whether our studies are relevant to vertebrate tauopathy.
| EXPERIMENTAL PROCED URES

| Genetics and animal models
All Drosophila melanogaster stocks and crosses were maintained at 25°C under a 12-hr light/dark cycle. All experimental procedures and analyses were performed on flies at day 10 of adulthood (day 10 post-eclosion). Neuronal expression of RNAi and transgenes in Drosophila was achieved using the Gal4/UAS system. GAL4 expression was driven by the pan-neuronal elav promoter in all experiments. The UAS-Tau R406W line was a gift from Mel Feany and has been previously described (Wittmann et al., 2001 
| Co-fluorescent in situ hybridization/ immunofluorescence (FISH-IF)
Formalin-fixed, paraffin-embedded Drosophila heads were sectioned at 4 μm and subjected to 20-min pressure cooker-based antigen retrieval in 10 mM sodium citrate (pH 6.6) with 0.2% tween. Sections were incubated with 1 ng/ml of either 5′3′ DIG-labeled Poly 
| Drug treatments
Leptomycin B (Cayman Chemical) was dissolved in 100% ethanol.
KPT 350 was a gift from Karyopharm Therapeutics (Newton, MA, USA) and dissolved in DMSO. On the day of eclosion (day 0), flies F I G U R E 2 Genetic or pharmacologic inhibition of RNA export machinery reduces tau-induced toxicity in vivo. (a) Neuronal degeneration assayed by TUNEL staining; n = 6. 
